Abstract The purpose of the study was to examine the impact of race/ethnicity on second breast tumors among women with ductal carcinoma in situ (DCIS). We identified 102,489 women diagnosed with primary DCIS between 1988 and 2009 from the 18 NCI-SEER Registries. Cox proportional hazard regression was used to estimate race/ ethnicity-associated relative risks (RRs) and their 95 % confidence intervals (CI) of ipsilateral breast tumors (IBT; defined as DCIS or invasive carcinoma in the ipsilateral breast) and contralateral breast tumors (CBT; defined as DCIS or invasive carcinoma in the contralateral breast). Overall, 2,925 women had IBT and 3,723 had CBT. Compared with white women, black (RR 1.46; 95 % CI 1.29-1.65), and Hispanic (RR 1.18; 95 % CI 1.03-1.36) women had higher IBT risk, which was similar for invasive IBT and ipsilateral DCIS. A significant increase in IBT risk among black women persisted, regardless of age at diagnosis, treatment, tumor grade, tumor size, and histology. The CBT risk was significantly increased among black (RR 1.21; 95 % CI 1.08-1.36) and Asian/PI (RR 1.16; 95 % CI 1.02-1.31) women compared with white women. The association was stronger for invasive CBT among black women and for contralateral DCIS among Asian/PI women (P heterogeneity \ 0.0001). The black race-associated CBT risk was more pronounced among women C50 years at diagnosis and those with comedo DCIS; in contrast, a significant increase in risk among Asian/PI women was restricted to those \50 years and those with noncomedo DCIS. Racial/ethnic differences in risks of second breast tumors after DCIS could not be explained by pathologic features and treatment.
Prior analyses of the Surveillance, Epidemiology, and End Results (SEER) data through 2001 that were adjusted for demographic factors and treatment reported statistically significant differences in ipsilateral and contralateral invasive breast cancers in racial/ethnic minority groups [9, 11] . There was no significant difference in risk of second breast tumors after adjustment for histopathologic factors by race/ethnicity [13, 16, 18] . However, these studies had limited power to detect racial/ethnic differences in outcomes due to small numbers of minority patients and few second breast events.
Therefore, we examined racial disparities in second breast tumors in a large cohort of women with DCIS diagnosed between 1988 and 2009 in the 18 SEER registries, controlling for age at diagnosis, treatment patterns, and histopathologic features. Further, we assessed effect modification of patient and tumor characteristics on this relationship.
Methods

Patient population
From the SEER 18 Registries Database (November 2011 submission), we identified women diagnosed with primary unilateral DCIS [11] between January 1988 and June 2009 with no cancer history who were followed through December 31, 2009 (n = 109,938); these registries cover approximately 28 % of the population. De-identified SEER data were used, exempting the study from review by our Institutional Review Board. We excluded patients younger than 20 years or older than 84 years (n = 1,949) and those with bilateral mastectomy (n = 4,263). White, black, and Asian/ Pacific Islander women comprised 98.7 % of eligible cases, therefore, women of other races or unknown race (n = 1,237) were excluded if they were non-Hispanic. Thus, 102,489 women with DCIS were included in the analysis. Since women undergoing mastectomy experience extremely low risk of ipsilateral breast tumors (IBTs) [5] , we excluded 27,680 women treated with mastectomy for their first DCIS and thus included 74,809 in the analysis of IBTs.
Race/ethnicity was classified into mutually exclusive categories of non-Hispanic white (hereafter referred to as white), non-Hispanic black (black), non-Hispanic Asian/ Pacific Islander (Asian/PI), and Hispanic. Whites accounted for 95.8 % of Hispanics. Since the exclusion of Hispanic nonwhites and Pacific Islanders did not significantly influence the result, we combined all Hispanics as a single group and non-Hispanic Asians and Pacific Islanders as a single group. 
Statistical analysis
The x 2 test and analysis of variance were used, respectively, to compare baseline categorical and continuous variables across racial/ethnic groups. Kaplan-Meier estimates of 5-year probabilities of IBTs and CBTs were calculated for each group, with P values given by the log-rank test. We used Cox proportional hazards models to compute race-associated relative risk (RR) and 95 % confidence interval (CI). Assumption of proportionality for Cox models were confirmed using scaled Schoenfeld residuals. The models were controlled for age (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) , 50-59, 60-69, or 70-84 years) and year of the first DCIS diagnosis (1988-1989, 1990-1994, 1995-1999, 2000-2004, or 2005-2009 ), registry, treatment for the first DCIS (no surgical treatment, breast-conserving surgery(BCS) alone, BCS plus radiotherapy, mastectomy, or unknown) and histopathological features including tumor size (\2 cm, 2-5 cm, C5 cm, or unknown), grade (well differentiated, moderately differentiated, poorly differentiated, or unknown), and histology (comedo, papillary, cribriform, solid, or NOS). The analyses were stratified by age at diagnosis of the first DCIS, treatment, and histopathologic features. Interactions between race/ethnicity and characteristics of DCIS were assessed by entering cross-product terms in multivariable-adjusted models. The statistical significance of an interaction term was evaluated by the likelihood ratio test. To determine whether race/ethnicity is differentially associated with types of second breast tumors (invasive cancer vs DCIS), the Cox proportional hazards model was used with types of second breast tumors treated as competing risks [19] . Specifically, we estimated RRs of different types of second breast tumors using the approach described by Lunn and McNeil [20, 21] and used the likelihood ratio test for heterogeneity. All statistical analyses were performed by SAS (version 9.3; SAS Institute, Cary, NC). Statistical significance was assessed as twosided P \ 0.05.
Results
Among 102,489 women with DCIS, 75,431 (73.6 %) were white, 9,921 (9.7 %) were black, 9,246 (9.0 %) were Asian/PI, and 7,891 (7.7 %) were Hispanic. Mean age was 58.5 years (range 20-84). Most (88.7 %) were diagnosed after 1995. The patient population was characterized pathologically by 45.5 % with poorly differentiated tumors, 22.9 % with tumors C2 cm, and 14.7 % with comedocarcinoma. Information on estrogen receptor (ER) status was available for 41.6 % patients, of which 77.8 % were reported after 2003 and 82.0 % were positive. Overall, 2.2 % of patients received no surgical treatment log-rank P = 0.0003 log-rank P < . Compared with white women, racial/ethnic minority women were significantly younger at the diagnosis of first DCIS and were more likely to have large, well or moderately differentiated, and noncomedo lesions (each P \ 0.0001) ( Table 1) . ER positivity was reported in 85.0 % of black women with available ER data, which was significantly higher than the other racial/ethnic groups (white 81.6 %, Asian/PI 81.7 %, and Hispanic 81.9 %; P \ 0.0001). A larger proportion of black and Asian/PI patients underwent mastectomy for their first DCIS (P \ 0.0001). Among 72,232 patients treated with BCS, radiotherapy was received more often in Asian/PI patients (64.8 %) than other racial/ethnic groups (white 62.3 %, black 61.9 %, and Hispanic 60.4 %; P \ 0.0001).
IBTs
Among 74,809 women treated with BCS or with no surgical treatment, 2,925 (3.9 %) experienced IBTs during a median follow-up of 66 months (range 6-263). Of these IBTs, 824 (28.2 %) were DCIS and 2,101 (71.8 %) were invasive cancer. There was a statistically significant difference in the cumulative incidence of IBTs by race/ethnicity; the 5-year rate was 3.3 % in blacks and 3.1 % in Hispanics compared to 2.5 % in whites and 2.8 % in Asians/PIs (Fig. 1a , P \ 0.0001).
The multivariable-adjusted analysis showed that black (RR 1.46; 95 % CI 1.29-1.65) and Hispanic women (RR 1.18; 95 % CI 1.03-1.36) had significantly higher IBT risk compared with white women. There was no significant difference in risk between white and Asian/PI (Table 2) or individual Asian groups (Supplement Table 1 ). We restricted the analysis to 32,016 women (white 24,587, black 2,841, Asian/PI 2,373, and Hispanic 2,215) with available ER data. The RR was 1.29 (95 % CI 1.00-1.68; P = 0.06) for blacks, 1.27 (95 % CI 0.93-1.74) for Asians/ PIs, and 1.25 (95 % CI 0.94-1.65) for Hispanics.
We determined whether race/ethnicity is differentially associated with types of IBTs ( Table 2) . Among black women, the RR was 1.48 (95 % CI 1.18-1.86) for ipsilateral DCIS and 1.45 (95 % CI 1.25-1.67) for invasive IBT. Hispanic ethnicity was associated with ipsilateral DCIS (RR 1.33; 95 % CI 1.02-1.72), but not with invasive IBT (RR 1.13; 95 % CI 0.96-1.34). However, this difference was not statistically significant.
We further analyzed the impact of race/ethnicity on IBTs according to pathologic features and treatment for the first DCIS (Table 3 ). The risk was significantly and consistently increased among black compared to white women treated with BCS, regardless of age at diagnosis, receipt of radiotherapy, tumor grade, size, and architectural patterns. There was no statistically significant difference in the risk associated with Hispanic ethnicity according to tumor characteristics and treatment. Table 4) .
Racial differences in CBTs varied by age (P interaction = 0.01) and architectural patterns of first DCIS (P interaction = 0.049) ( Table 5 ). The black race-associated risk was much higher among women C50 years at diagnosis of first DCIS and those with comedo DCIS. Among Asian/ PI women, a statistically significant increase in risk was found among those \50 years at diagnosis and those with noncomedo DCIS.
Discussion
This large, multiethnic cohort of women with DCIS allowed adequately powered detection of racial/ethnic disparities in second breast tumors according to types of second breast events and characteristics of the first DCIS. The risk for second breast tumors was significantly and consistently increased in black compared to white women, regardless of whether the outcome was ipsilateral DCIS or subsequent invasive cancer in the ipsilateral or contralateral breast. More importantly, the significantly elevated Table 2 IBT risk in blacks persisted despite the presence of established prognostic factors (e.g., younger age at diagnosis, aggressive pathology). The black race-associated increase in CBT risk was more obvious among women C50 years at diagnosis and those with comedo DCIS. Compared with white women, Hispanic women were more likely to experience IBTs and Asian/PI women were more likely to develop CBT, particularly presented as DCIS. The positive association between Asian/PI race and CBT risk was stronger among those \50 years at diagnosis and those with noncomedo DCIS. Invasive breast cancer is pathologically and biologically more aggressive in black compared to white women [22, 23] , largely contributing to worse prognosis for blacks [7] . However, the impact of black race on pathologic features and clinical outcomes of DCIS remains unclear. In this analysis, black women were younger at diagnosis of DCIS and had larger lesions than white women. However, DCIS lesions from blacks were more likely than those from whites to be well differentiated and noncomedo subtypes, both related to favorable prognosis [24] . Institution-based studies reported that black DCIS patients presented largesize lesions more frequently than white patients despite no difference in tumor grade or architectural patterns [13, 17] .
Prior analyses of SEER data through 2001 showed significantly higher incidences of invasive IBTs and invasive CBTs among black compared to white women with DCIS after adjusting for age, year, registry, and treatment, but not pathologic factors [9, 11] . This difference was no longer statistically significant after adjustment for pathologic variables [13, 16, 18] . Thus, the worse outcome among black DCIS patients may be attributable to more aggressive tumor pathology [24] . However, these studies included small numbers of black patients and thus had limited power to detect a moderate increase in risk of second breast tumors. In the current study, black race was associated with 46 % increased risk for IBTs and 21 % increased risk for CBTs after adjustment for pathologic factors, age and year of diagnosis of first DCIS, registry, and treatment. The elevated IBT risk in blacks was maintained across tumor size, grade, and architectural patterns. Future research should focus on identifying molecular markers of DCIS that may explain outcome disparities.
Notably, DCIS lesions from black women were more likely than white women to be ER ? , and controlling for ER slightly reduced racial differences in IBTs. In a multiethnic cohort of 1,902 women with DCIS, blacks accounted for 11.3 % and exhibited the highest rate of ER ? lesions among all racial groups [13] . Using immunohistochemical markers (ER, PR, HER2, and Ki67), Sharaf Aldeen et al. [25] classified 94 DCIS cases into five subtypes and found a similar distribution of molecular subtypes between black and white women. In addition, the basal-like DCIS defined by ER, PR, HER2, CK5/6, and EGFR displayed a comparable risk of IBTs to the other molecular subtypes [26] . Future efforts should focus on the clinical relevance of these findings and novel molecular markers that mediate poorer DCIS outcomes in black women.
Also, studies have suggested that socioeconomic disadvantages account for the disproportionately elevated mortality risk in black women with invasive breast cancer [27] [28] [29] [30] . However, a meta-analysis of 20 studies evaluating survival of black and white breast cancer patients demonstrated that blacks maintained statistically significant excess risk of mortality after adjusting for socioeconomic status [6] . Future studies to disentangle the impacts of race and socioeconomic status on DCIS outcomes are warranted.
Two prior studies of DCIS outcomes reported that black race was differentially associated with types of IBTs. Collins et al. [15] evaluated IBTs among 2,995 DCIS patients treated with BCS, of which 9.6 % were black, and reported an 80 % increased risk of ipsilateral DCIS and a 30 % increased risk of invasive IBTs among black compared with white women. In contrast, the analysis of California Cancer Registry data showed that the risk for invasive IBTs was significantly increased among black DCIS patients but not for ipsilateral DCIS [9] . We instead found that black race was similarly associated with risks for ipsilateral DCIS and invasive IBTs after DCIS. Therefore, racial differences in local DCIS recurrence and the progression to invasive cancer in the ipsilateral breast may be mediated by common biological pathways. Few studies have compared DCIS outcomes between Asian/PI, Hispanic, and white women [9] [10] [11] 13] , with the majority reporting no difference [9, 10, 13] . However, risk of advanced invasive IBT was 130 % higher in Hispanic than white women with DCIS [11] . The current study with more racial minority women found that Hispanic ethnicity was associated with significantly increased risk for IBTs but not for CBTs. Yet, Asian/PI women had increased risk for CBTs, largely driven by a significant increase in contralateral DCIS, but not for IBTs. Whether the elevated risk of contralateral DCIS among Asian/PI women resulted from their greater use of surveillance mammography is unknown. Among breast cancer patients with equal access to health care, Asians/PIs were more likely than whites to undergo surveillance mammography [31] . However, lower use of mammography was found among older Asians/PIs compared to their white counterparts [32] .
We found that black and Hispanic women treated with BCS alone had a higher risk of IBTs than white women. Table 4 Given that radiotherapy following BCS reduces IBTs by 50 % after DCIS [33, 34] , adding radiation after surgical excision may be appropriate for black and Hispanic patients who are at high IBT risk. The increased IBT risk persisted in blacks treated with BCS and radiotherapy, indicating the need for more intensive follow-up to improve outcomes. Many DCIS cases are over-diagnosed because more than half of DCIS patients would not develop invasive breast cancer if left untreated [35] [36] [37] . A challenge in DCIS management is the identification of DCIS patients who are most likely to go on to caner, which should integrate routine clinicopathological factors and novel molecular markers and take into account race/ethnicity and other patient-related factors. Our study has limitations. Variables that could influence DCIS outcomes were unavailable in the SEER database. Positive surgical margins are consistently associated with increased IBT risk after DCIS [24] . Five-year tamoxifen use could reduce the risk of ipsilateral and contralateral breast tumors among DCIS patients treated with BCS and radiation by 35 % and 41 %, respectively [38] . Prompt initiation and completion of adjuvant therapy are also important for breast cancer patients with BCS to lower their risks of local recurrence and mortality [39] [40] [41] . Studies reported no racial difference in surgical margins or receipt of hormone therapy in DCIS patients [13, 14, 16, 42, 43] . However, black race was associated with longer waiting time for and lower probabilities of completing radiotherapy following BCS [40, 41] . Hispanics and Chinese with hormone receptor-positive breast cancer were less likely than other groups to initiate adjuvant hormone therapy within a year after diagnosis [44] . Of those who initiated adjuvant hormone therapy, blacks were more likely to be nonadherent to therapy and Asians/PIs were more likely to continue therapy [45] .
Evidence suggests the associations of obesity and alcohol consumption with increased risk of second breast tumors in DCIS survivors [10, 46, 47] . Compared with white patients, the odds of being overweight or obese were higher in black and Hispanic DCIS patients and lower in Asian/PI DCIS patients [48] . Alcohol intake was less prevalent in black and Asian/PI than white and Hispanic women with breast cancer [49] . Due to the lack of lifestyle information, we could not assess the contribution of lifestyles to racial disparities in DCIS prognosis.
Additionally, data on tumor size and grade were unavailable for approximately 30 % of DCIS cases. Missing indicators were created for the current analysis. However, the associations between black race and risks of IBTs (RR 1.54; 95 % CI 1.27-1.88) and CBTs (RR 1.33; 95 % CI 1.11-1.59) remained statistically significant in the sensitivity analysis of complete cases.
Our study provides a more comprehensive examination of racial/ethnic differences in DCIS outcomes than previous studies. Black women with DCIS experienced disproportionately higher risks for second breast tumors, even when uniformly treated with BCS and radiotherapy. They may then need more intensive post-treatment followup. Hispanic DCIS patients had a greater IBT risk if treated with BCS alone and might be appropriate candidates for additional treatment. Differences in tumor pathology and treatment could not account for elevated risk for second breast tumors in racial minority women. Further studies are needed to determine whether biological and nonbiological (e.g., socioeconomic status) characteristics of DCIS are different across racial groups and whether these contribute to outcome disparities. Detailed treatment and followup information is needed to understand the contributions of healthcare quality and surveillance mammography use to racial disparities in DCIS outcomes.
